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•  INTRODUCTION 


The  estrogen  receptor  (ER)  is  a  phosphoprotein  found  in  60-70%  of  human  breast  tumors  at  diagnosis 
(1-3).  Antiestrogen  therapy  with  tamoxifen,  a  partial  agonist  to  estrogen  receptor,  has  had  a  significant  impact 
on  survival  in  patients  with  breast  cancer,  but  tamoxifen  also  has  several  undesirable  side-effects.  The 
antitumor  efficacy  of  antiestrogen  therapy  is  clearly  due  to  close  regulation  of  breast  cell  growth  by  estrogens. 
However,  as  breast  cancer  progresses,  it  becomes  resistant  to  estrogens,  and  most  patients  no  longer  respond  to 
current  antiestrogens  (1-3).  The  continued  expression  of  estrogen  and/or  progesterone  receptors  m  most 
patients  with  tumor  progression  on  tamoxifen  indicates  that  mechanisms  for  resistance  other  than  receptor  loss 
are  common  in  breast  cancer  and  are  responsible  for  treatment  failure  (4,5). 

This  proposal  is  based  on  new  understanding  of  the  biology  of  estrogen  receptor,  a  phosphoprotem  that 
forms  a  dimer  required  for  binding  to  specific  estrogen  response  elements  in  the  nucleus,  leading  to  promotion 
of  breast  cancer  cell  growth  (6-8).  Transcriptional  activity  of  ER  is  now  known  to  be  related  to  the 
conformational  state  of  the  receptor,  especially  with  respect  to  the  molecular  orientation  of  helix-12  in  the 
ligand-binding  domain  of  ER  (8).  Helix- 12  contains  leucine-rich  regions  that  interact  with  steroid  receptor 
coactivator  proteins  that,  in  turn,  regulate  transcription  (9,10)  (see  Table  1). 

TABLE  1 .  a)  Amino  acid  sequence  comparison  of  AF2  a-helix  region  in  ER  from  several  species,  with  helix- 
12  starting  at  residue  538.  Conserved  region  is  in  boldface,  b)  Sequence  comparison  with  ER-B.  c)  Sequence 
alignment  of  nuclear  receptor  proteins,  including  progesterone  and  androgen  receptors  (9,1 1). 


a 

PL-YDLLLEML-DA 

535-546 

human  ER 

PL-YDLLLEML-DA 

539-550 

mouse  ER 

PL-YDLLLEML-DA 

527-538 

xenopus  ER 

b 

PV-YDLLLEML-NA 

433-444 

human  ER-fi 

c 

EF-PEMMSEVI-AA 

904-915 

progesterone  receptor 

DF-PEMMAEI I-SV 

889-900 

androgen  receptor 

Manipulation  of  helix-12  interactions  with  coactivator  proteins  may  provide  alternate  approaches  to 
antihormone  therapy.  We  have  synthesized  peptides  designed  to  disrupt  binding  of  estrogen  receptor  with 
coactivator  proteins.  Our  specific  aims  for  this  project  include  the  following  experimental  objectives: 

1)  Synthesis  of  small  phosphotyrosyl-peptides  targeted  to  a  highly  conserved  sequence  in  estrogen  receptor 
including  tyrosine-537  and  surrounding  leucine  residues.  Experiments  are  planned  to  evaluate  the  efficacy  of 
these  peptide  antiestrogens  in  antagonizing  estrogen  receptor  activity  in  breast  cancer  cells,  including 
blockade  of  estrogen  receptor  dimerization,  reduction  of  estrogen  receptor  association  with  steroid  receptor 
coactivator  protein  and  suppression  of  estrogen  receptor  binding  to  specific  estrogen-response  elements  in 

DNA. 

2)  Evaluation  of  the  antitumor  efficacy  in  vitro  and  in  vivo  of  small  phosphotyrosyl-  and  malonyltyrosyl- 
peptides  that  suppress  dimerization  and  DNA  binding  of  estrogen  receptor  in  human  breast  cancer  cells. 
Alternative  modes  for  the  efficient  delivery  of  low  concentrations  of  peptides  in  vivo  will  be  considered,  and 
effects  of  peptide  antiestrogens  on  bone,  serum  cholesterol,  uterus  and  body  composition  will  be  evaluated  in 

rodent  models. 

It  is  important  to  develop  new  antiestrogens  which  work  through  different  mechanisms  of  interaction  with 
ER,  since  these  would  likely  prove  useful  in  treatment  of  breast  cancers  that  become  resistant  to  conventional 
antiestrogens.  This  project  offers  an  innovative  approach  to  antitumor  therapy  with  the  potential  for  developing 
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•  novel  antiestrogens  with  minimal  toxicity  to  noncancerous  tissues,  and  it  may  further  advance  our 
understanding  of  the  role  of  estrogen  receptor  in  hormone  action. 

ROPY:  RESEARCH  PROGRESS 

A  full  report  on  research  progress  on  this  proposal  was  presented  in  a  platform  session  at  the  Era  of  Hope 
Meeting  in  Atlanta,  June  10, 2000  (12). 

AIM1)  Synthesis  of  small  phosphotyrosyl-peptides  targeted  to  tyrosine-537  and  the  neighboring  leucine-rich 
region  in  ER  and  evaluation  of  their  efficacy  in  the  blockade  ofER  dimerization  and  ER  binding  to 
steroid  receptor  coactivator  and  DNA  in  human  breast  cancer. 

Peptides  dismnt  binding  of  ER  with  DNA 

In  order  to  evaluate  potential  antiestrogen  effects  of  peptides  that  mimic  the  initial  sequence  in  helix-12 
in  ER  peptides  were  synthesized  by  established  methods  withN-temunal  acetylatton  and  a  C-ternunal  amide  in 
the  UCLA/Jonsson  Cancer  Center  Peptide  Synthesis  Facility  (12,13).  Peptide  constructs  were  characterized  by 
HPLC  and  mass  spectral  analysis  and  found  to  be  >  95%  pure.  The  octapept.de,  pY8,  contains  the  sequence: 

N-Pro-Leu-*pTyr-Asp-Leu-Leu-Leu-Glu-C  (PLpYDLLLE) 
and  its  nonphosphorylated  analog,  conY8,  has  the  sequence: 

N-Pro-Leu-Tyr-Asp-Leu-Leu-Leu-Glu-C  (PLYDLLLE). 

An  additional  control  peptide  with  a  scrambled  sequence,  con8,  is  shown  below: 

N- V al-Pro-Leu- Asp-Leu-Leu-Leu-Glu-C  (VPLDLLL Y) . 

Other  peptides  of  varying  size  (5-mer  and  12-mer)  to  ascertain  the  optimal  preparation  for  use  m  cellular 

studies  have  also  been  prepared  (refer  to  Table  2  in  original  proposal)  (12)  .  . 

Interaction  of  ER  with  nuclear  ERE  is  prerequisite  for  activation  of  transcription.  To  assess  specific 
binding  of  ER  with  ERE,  we  used  purified  recombinant  human  ER  from  MCF-7  breast  cancer  cells  (13).  A 
double  stranded  27-bp  probe  [5  ’  -GAT CCTAG  AGGTC  AC  AGTG  ACCT  ACGA-3  ’ ]  encoding  the  Xenopus 
vitellogenin  A,  ERE  was  KP-end-labeled  with  polynucleotide  kmase.  Ge  mobility  shift  assays  for  fcehumim 
ER  were  performed  as  described  (13).  The  ER  m  20  mM  reaction  buffer  (HEPES,  pH  7.5, 1  mM  EDTiMOO 
mM  Kcl  1  mg/ml  BSA,  100  nM  estradiol,  15%  glycerol,  and  proteinase  inhibitors)  was  incubated  with  500  ng 
of  poly  (dl-dC)  for  15  min  at  4  C,  and  then  20  fmol  of  the  32P-labeled  ERE  probe  was  added  for  15  mm  at  4  C 
in  a  total  volume  of  20  pi.  Samples  were  loaded  onto  a  pre-electrophoresed  5%  polyacrylamide  gel  followed 
by  electrophoresis  with  cooling  at  175  V  for  3h  in  25  mM  TRIS  pH  S  O  with  152  mM  glycine  and  1  mM 
EDTA.  Under  these  conditions,  the  human  ER  reacts  specifically  with  syntheuc  ERE  in  the  gel  mobility  shift 
assay,  allowing  formation  of  an  ER-ERE  complex  (13)  (FIG.  1). 


100X 

Cn  ERE  CnY  pY8  pYlO 


ER-ERE 


FIG  1  Gel  mobility  shift  assays  of  human  ER  and  estrogen-responsive  element  (ERE).  Purified  human  ER 
(60  nM)  incubated  with  control  solution  (Cn),  100-fold  molar  excess  of  unlabelled  ERE  (lOOx  ERE)  or  with 
peptides  at  2.5  pM.  ER  was  incubated  with  peptides  for  15  min  at  4°C,  then  with  100  nM  estradiol-176  and 
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•  32P-ERE.  Peptides  included  peptide  pY8,  control  Y8  peptide  (CnY),  and  a  decapeptide,  N-Val-Pro-Leu- 
pTyr  -Asp-Leu-Leu-Leu-Glu-Met-C  (pYlO). 

This  ER-ERE  interaction  is  blocked  by  competition  with  2.5  pM  pY8-peptide  but  not  by  competition  with  5 
uM  conY8-peptide  (43)  or  con8-peptide  (data  not  shown).  Thus,  peptide  antiestrogens  disrupt  ER  binding  to  a 
specific  ERE  in  vitro.  However,  the  IC50  for  this  effect  may  exceed  by  100-fold  that  required  for  other  cellular 
actions  of  the  peptides  (see  ER/SRC-1  interaction  below).  Further  work  on  the  nature  and  significance  of  this 
peptide  effect  is  planned. 

Peptides  interfere  with  ER  dimerization 

Experiments  to  assess  effects  of  peptides  on  ER  dimerization,  using  molecular  sizing  chromatography 
with  Sephadex  G-200  (13,14),  are  also  underway.  Using  this  approach,  we  find  that  25  pM  pY8  inhibits 
dimerization  of  ER  (12,13).  As  with  peptide  inhibition  of  ER  binding  to  DNA,  peptide  interference  with  ER 
dimerization  appears  to  occur  at  a  higher  IC50  than  other  cellular  actions  of  the  peptide  (see  ER/SRC-1 
interaction  below).  We  plan  to  confirm  these  findings  in  the  next  grant  year. 

Peptides  block  molecular  association  between  ER  and  steroid  receptor  coactivator  proteins 

As  noted  above,  upon  activation  in  vivo,  ER  bind  to  DNA  response  elements  and  recruit  co-activator 
proteins  and  general  transcription  factors  to  form  an  active  complex  for  stimulation  of  gene  expression.  Steroid 
receptor  coactivator- 1  (SRC-1)  is  a  well-characterized  coactivator  protein  (165  kd)  that  mediates  steroid 
hormone  responses  by  promoting  receptor-dependent  transactivation  of  genes  (15,16),  and  disruption  of  the 
SRC-1  gene  results  in  partial  resistance  to  hormone  (16).  Short  sequence  motifs  in  SRC-1  and  other 
coactivators  are  necessary  to  mediate  the  binding  of  these  proteins  to  nuclear  receptors  (10).  In  order  to  assess 
the  effect  of  peptide  antiestrogens  on  the  interaction  between  ER  and  SRC-1,  T47D  breast  cancer  cells  were 
treated  in  vitro  with  or  without  InM  estradiol- 176,  and  cell  lysates  were  prepared  for  immunoprecipitation  with 
antibody  to  ER  followed  by  gel  electrophoresis  and  immunoblotting  with  antibody  to  SRC-1  as  before  (17).  In 
the  absence  of  peptide  antiestrogens,  SRC-1  and  ER  form  a  binding  complex  beginning  at  15  min  after  estrogen 
treatment,  and  the  association  is  maximal  by  30  min.  Prior  incubation  of  breast  cells  with  pY8  interferes  with 
this  ER/SRC-1  binding  (FIG.  2).  In  contrast,  pre-treatment  of  T47D  breast  cancer  cells  with  conY8  or  con8 
elicits  no  effect  on  ER/SRC-1  binding  in  vitro  (FIG.  2)  (12). 


-  SRC-1 /ER-a 


,  0  15  30  j  |  30  j  |  30  ,  min 

E2  E2  +  E2+ 

int-pY  int-cn 

FIG  2  Effect  of  estradiol- 176  (E2)  on  the  association  of  ER  and  SRC-1  in  T47D  cells.  T47D  breast  cancer 
cells  were  treated  in  vitro  with  lOnM  E2  or  control  vehicle  for  15-30  min.  For  more  efficient  delivery  of 
peptide  pY8  was  coupled  with  a  short  peptide  from  the  homeodomain  of  antennapedia,  a  vector  that  promotes 
internalization  of  peptides  linked  to  its  carboxy-terminus  (int-pY8)  (18).  Int-pY8  or  int-peptide  control  (int-cn) 
were  added  30  min  before  E2  for  an  additional  30  min.  Lysates  were  prepared  and  processed  as  before. 
Samples  were  immunoprecipitated  with  monoclonal  anti-ER  antibody- 10  (Neomarker),  followed  by 
electrophoresis  and  immunoblot  with  monoclonal  anti-SRC-1  antibody  (Affinity  Bioreagents). 
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*  Thus ‘tyrosine-537  and  adjacent  leucine  residues  in  ER  may  be  important  in  regulating  ER/SRC-1  interaction  in 
breast  cancer.  In  contrast  to  peptide  effects  on  ER  dimerization  and  DNA  binding  in  vitro,  the  peptide  effect  on 
ER/SRC-1  association  can  be  elicited  at  nanomolar  concentrations  of  active  peptides.  Thus,  peptide  blockade 
of  the  binding  of  receptor  coactivator  protein  with  ER  may  have  more  physiologic  significance  in  vivo. 

AIM  2)  Evaluation  of  the  antitumor  efficacy  in  vitro  and  in  vivo  of phosphotyrosyl-  and  malonyltyrosyl- 
peptides  that  suppress  biologic  activity  of  ER  in  human  breast  cancers 


Peptide  antitumor  effects  in  vitro  and  in  vivo 

One  problem  with  use  of  phosphotyrosy  1-peptides  in  vitro  or  in  vivo  is  susceptibility  of  the  constructs  to 
degradation  by  cellular  tyrosine  phosphatase  enzymes.  To  address  this  difficulty,  we  prepared  phosphotyrosyl- 
mimic  peptides  that  use  malonic  acid  rather  than  phosphate  residues  at  tyrosine  sites.  Malonyl-tyrosine 
residues  appear  to  mimic  the  phosphotyrosine  conformation  in  proteins  and  evade  the  action  of  cellular 
enzymes  targeted  to  phosphotyrosine  (19,20).  The  malonyltyrosyl-peptides  contain  the  sequence  surrounding 
tyrosine-537  in  ER  (12,13)  (see  Table  1).  Malonyltyrosyl-octapeptide,  mY8,  was  synthesized  by  established 

methods  and  contains  the  sequence: 

N-Pro-Leu-mTyr-Asp-Leu-Leu-Leu-Glu-C  (PLmYDLLLE). 

We  find  that  malonyltyrosyl-peptide  constructs,  as  phosphotyrosyl-peptides,  suppress  binding  of  ER  to  specific 
ERE  in  human  breast  cancer  cells.  This  ER-ERE  interaction  is  blocked  by  competition  with  2.5  pM  mY8- 
peptide  but  not  by  5  pM  conY8-peptide  (12,13).  Further  evaluation  of  the  efficacy  of  5-  and  12-mer 
malonyltyrosyl-peptides  are  planned  to  find  the  optimal  peptide  sequence  for  use  in  in  vivo  studies. 

Using  the  pY8-intemalization  vector  (int-pY8),  we  find  that  nanomolar  concentrations  of  the  peptide 
have  good  efficacy  in  disruption  of  estrogen-induced  growth  of  human  breast  cancer  cells  (12).  The  anticipated 
growth  stimulation  by  estrogen  is  found  after  treatment  of  MCF-7  cells  with  control  internalization  peptide 
alone,  exceeding  growth  of  control  cells  in  the  absence  of  estrogen  by  3-fold.  Similarly,  a  low  concentration  of 
free  pY8-peptide  alone  in  solution  (25  pM)  does  not  alter  the  growth  response  to  estrogen.  However,  peptide 
antiestrogen  coupled  with  internalization  peptide  does  suppress  the  expected  growth  effect  of  estrogen 
(P<0.001).  A  dose-response  study  using  concentrations  of  drug  ranging  from  0.02  to  500  nM  shows  that  the 
pY8-intemalization  peptide  is  effective  in  growth  inhibition  of  MCF-7  breast  cancer  cells  at  concentrations  < 

25  nM  (12).  Studies  of  breast  tumor  xenografts  in  vivo  are  also  underway  using  methods  as  before  (17)  with 

peptide  delivery  by  intraperitoneal  injection  (13,17). 

We  plan  to  study  the  biologic  activity  of  other  peptide  antiestrogens  using  identical  assays  for  cell 
proliferation  (12,13)(see  original  proposal).  Our  goal  in  these  studies  will  be  to  determine  minimum  peptide 
sequence  required  for  specificity  and  efficacy.  Evaluation  of  the  cellular  uptake  of  peptides  with  and  without 
internalization  vector  or  liposomes  is  being  done  using  established  fluorescent-labeling  techniques  (12,13). 
Depending  on  results  of  these  studies,  additional  peptides  may  be  designed  and  synthesized  for  testing.  As 
reported  before,  tamoxifen  completely  suppresses  the  growth  of  MCF-7  cells,  but  tamoxifen  elicits  only 
marginal  inhibition  of  the  growth  of  ZR-75-1  cells  and,  acting  as  a  partial  agonist  to  ER,  the  drug  appears  to 
stimulate  the  growth  of  T47D  breast  cancer  cells  (5,21,22).  Comparative  cell  growth  studies  with  the  latter  cell 
types,  as  well  as  with  BT-20  and  SKBR3  breast  cancer  cells  with  no  detectable  wild-type  ER  and  tamoxifen- 
resistant  MCF-7  cells  with  HER-2/neu  tyrosine  kinase  overexpression  (17)  are  also  planned. 

Estrogen  is  a  key  regulatory  hormone  which,  in  addition  to  its  role  in  reproductive  tissues,  affects  a 
number  of  physiological  systems,  including  the  skeleton  and  cardiovascular  system.  In  order  to  evaluate  tissue 
selectivity  of  the  final  peptide  formulations,  these  agents  will  be  given  to  immature  female  mice  for  3  days,  and 
effects  on  uterine  wet  and  dry  weight  will  be  assessed  (23).  In  addition,  uterine  hypertrophy  will  be  evaluated 
in  older  (up  to  15 -mo-old)  female  mice  treated  with  peptides  for  28-90  days.  Effects  of  peptides  on  total  serum 
cholesterol,  fat  body  mass  and  lean  body  mass  in  these  aged  female  rodents  will  be  tested.  In  ovariectomized 
female  mice,  we  plan  to  assess  effects  of  peptides  on  ovariectomy-induced  increments  in  body  weight  gain, 
total  serum  cholesterol,  and  bone  loss.  Following  ovariectomy,  rodents  will  be  assigned  to  control  groups 
including  both  placebo  and  positive  control  with  estrogen  replacement  using  established  methods  (23).  Our 
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•goal  isTto  develop  novel  antitumor  agents  with  minimal  toxicity  to  noncancerous  tissues,  and  these  experiments 
will  help  to  establish  the  response  profile  and  tissue  selectivity  of  peptide  antiestrogens. 

KEY  RESEARCH  ACCOMPLISHMENTS 

•  Small  leucine-rich  peptides  that  mimic  ER  sequence  at  the  start  of  helix- 12  reduce  the  formation  of 
ER  homodimers  and  reduce  binding  of  ER  to  ERE. 

•  Small  leucine-rich  peptides  that  mimic  ER  sequence  at  the  start  of  helix-12  suppress  association  of 
ER  with  SRC- 1. 

•  Estrogen-dependent  growth  of  human  breast  cancer  cells  is  blocked  by  pre-treatment  with  small 
leucine-rich  peptides  that  mimic  ER  sequence  at  the  start  of  helix- 12. 

REPORTABLE  OUTCOMES 

Presentations 

1.  “Small  Molecule  Inhibitors  of  Estrogen  Receptor  Function”.  Presented  at  Molecular  Oncology  Seminar, 
Genentech,  South  San  Francisco  (1999). 

2  “Peptide  antagonists  of  the  estrogen  receptor  block  growth  of  hitman  breast  cancer  cells  .  Presented  at  Era 
of  Hope  Department  of  Defense  Breast  Cancer  Research  Program  Meeting,  Atlanta  (2000). 


Abstracts 

1  Pietras  R.J.,  Marquez,  D.,  Chen,  X.  and  Li,  D.  (2000).  Peptide  antagonists  of  the  estrogen  receptor  block 
growth  of  human  breast  cancer  cells.  Era  of  Hone  POD  Breast  Cancer  Research  Program  Proceedings,  2: 
535. 

No  manuscripts,  patents,  degrees,  development  of  cell  lines,  informatics  or  additional  funding  or  research 
opportunities  to  be  reported  at  this  time. 

CONCLUSIONS 

This  project  is  a  new  approach  to  antitumor  therapy  with  the  potential  for  developing  antiestrogen 
treatments  with  minimal  toxicity  to  noncancerous  tissues.  Small  leucine-rich  peptides  that  mimic  ER  sequence 
at  the  start  of  helix- 12  in  the  receptor  molecule  are  especially  effective  in  suppressing  the  association  of  ER 
with  SRC-1.  This  molecular  action  appears  to  elicit  blockade  of  breast  cancer  cell  proliferation.  The  results  of 
our  preliminary  studies  suggest  that  treatment  with  small  peptide  antiestrogens  may  prove  more  effective  than 
drugs  currently  available  in  blocking  the  growth-promoting  signals  of  estrogen  receptors.  Further  studies  to 
assess  the  optimal  constructs  and  the  safety  of  these  peptide  compounds  are  planned.  This  work  provides  good 
evidence  of  target  validation  for  helix- 12  in  estrogen  receptor. 
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